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SUMMARY 

A) Isocyanate Terminated 

Polyformals based on Hexamethylene Glycol with a co-Diol such as 
1,4-Butanediol were easily prepared under mildly acidic conditions. 
These polyols were smoothly converted to NCO pre polymers with TDI. 
The resulting prepolymers were readily cured with trimethylol propane, 
ambient moisture or quadrol, giving elastomers with good hardness, 
elasticity and tensile. When slightly alkaline the elastomers showed 
excellent thermal stability. Evaluation of these polymers for insulating 
glass sealants is recommended. 

B) Mercapto Terminated 

These materials were synthesized in a two step sequence involving 
initially the addition of allyl alcohol during the polyformal reaction. 
The resulting allyl capped polyformals were then reacted with an 
equivalent amount of dimercaptan initiated by Vazo-64. These 
materials did not cure with lead dioxide, probably due to low molecular 
weight and residual hydroxyl terminals. Removal of residual hydroxyl 
i with TDI or addition of suitable crosslinkers such as trimethylol propane 
triacrylate or triallyl cyanurate gave curable prepolymers. The elastomers 
showed good compression set and hardness but very poor elasticity. The 
marginal properties, increased complexity and cost of these prepolymers 
render evaluation for insulating glass sealants unwarranted. 

INTRODUCTION 



Research was initiated to determine the feasibility of rubbers derived 
from hexamethylene glycol polyformal polymers as sealants. Obvious 
advantages of the polyols are low odor and cheap manufacture. Two 
approaches were taken. The first involved conversion of the polyol to the 
toluene diisocyanate (TDI) urethane prepolymer. Such a prepolymer 
could then be utilized either in a two package sealant with a polyol cure 
or as a one package sealant utilizing either a thermal or ambient moisture 
curative. Since the inherent moisture sensitivity of these prepolymers 
may be a problem during compounding or storage a second approach was 

6093 



\*.\^IVil rvM l ■ iMirvi 



September 15, 1980 



-2- 

J20-17 



investigated. Mercapto terminated polyformals, in principle curable 
with lead or manganese dioxide, were synthesized. These are 
insensitive to moisture, but require additional production steps and 



costs. 



EXPERIMENTAL PROCEDURES 

a) Hexamethylene Glycol Polyformal Copolymers 

Hexamethylene glycol/formaldehyde polymer is a room temperature 
solid. To depress the melting point a series of OH **™£**^* £ 
polymers were made using hexamethylene glycol and 10-20 mole „ of 
■an appropriate diol. These glycol mixtures were converted to poly- 
formals with para formaldehyde using p -toluene sulfonic acid catalyst 
and a toluene azeotrope to remove the water. The results are 
summarized in Table 1. Yields were essentially quantitative except 
for F-1867-6 and F-1867-8. F-1867-6 showed only 3 mole % hexylene 
glycol incorporation, probably due to butyl dioxolane formation Smce 
it also crystallized further investigation of F-1867-6 was abandoned. 
F-1867-8 showed r^ 10 mole % neopentyl glycol incorporation. 

F-1867-1 P roved^50% crystalline, probably due to fee £"£»£•* 
of diol. A 20 mole % tetramethylene glycol polyformal (F- 1867-34) was 
a liquid as were all polyformals described in Table 1. The molecular 
weights ranged from^2600 to/*/ 6800, based on OH content. No 
correlation was found between molecular weight and diol structure or 
reaction conditions. The chemistry involved in these syntheses is 
summarized in equation #1. 
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TABLE 1. 



Hexajr^th^e^^ 



Notebook 
Ref. 



Mol Ratio 
HMG/Diol 



%OH 



Av. 

Molecular 
Weight 



43.95 



5200 



0. 54 



6800 




HMG 

BD 

EG 

HG 

NPG 

DEG 

TDE 

CHD 



A.bbreviations_ 

Hexamethylene Glycol 
1,4 Butane diol 
Ethylene Glycol 
Hexylene Glycol 

Neopentyl Glycol 

Diethylene Glycol 

2,2* Thiodiethanol 

1^ 4-Cyclohexanedimethanol 
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b) 



c) 



ra ^amethv 1 ^ f.lycoi ro 1 

■ A t „ vro terminated ur ethane 

tb. polyformals were ~^£E& i^ Z> bo«. *»*« 
prepolymers by heating ; with TDI at ion of the isocyanate 

heating must be avoided or ex tensive £™ rB wer e brown 

H^xam^vl^G^^ 

i in rv/20 hrs. at room temperature with 
The TDI prepolymers cured in r- condition s with moisture and 

..Qoadrol". in fsJ *^\T£J^lal propane. Thermally the rubbers 
in^v. 7 hrs. at 110°C with ^^^J^Hne with excess CaC0 3 
"re quite stable if *• £«*S£££E£ the prepolymers cured 
filler prior to cure. With »^ndart ^ hore A Duro ~> 40). 

with ambient moisture to «2?!TlTDE1 resulted in both poorer 
Corporation of 2,* -* ^Uit M-^Lndard formulations incorporating 
physicals and thermal stability. Ai substantial swelling due 

TDE polyformals when moisture cured I *°J prop erties and thermal 

ILii^poxy Table 3 shows typical pny sic a^F r moisture 

to gas retention. Table is y trim ethylolpropane. The m 

stabilities of the elastomers cured wi measured. The 

vap or transmittance of several cured ^^ x uretiia ne rubbers 

results are given in Table *« * ^%Uo t£nes -ore facile than for 
showed transmission of B«^« J» Bertoz2 i, Cameron, 

methyl mercaptan P-^^^^SiiM more facile man for 



.„ ai . j t -p-32 cured with "liJi. 
OH terminated uf -j* '-" 
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TABLE 2 
p-^^ yW Glycol F y— 1 THT Prepolymers 



Note Book 
Ref. 



Polyformal 



F 1867-16 



F 1867-19 

F 1867-25 



F 1867-4 



F 1867-10 
F 1867-24 



Reaction Conditions 



1.7 Hr. 



o 
85 C 



2.25 Hr. 85 C 



% NCO 
Theo r. Found 



2.87 



2.92 



2.05 



1.70 



1.25 Hr. 85 C 



1.95 



2.16 
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TABLE 3 








, . , rrn H »., ThPrm.1 Stabilities. Polyformal 


"nrethane Rubbers. T rime thvlol propane Cure 


Film Weight Change 
24 Hrs. 150°C 


Note Book 


Film I 
Identification 


Elongation 


Shore A 
Duro 


Ref. 

F 1867-20 


HMG/EG/TDI 
F 1867-16 


300 


50 


a 

- 10.6%, 

- 1. 6% b 


F 1867-39 


HMG/BD/TDI 
F 1867-36 


400 


40 


- 1. 1% 


F 1867-49 


HMG/TDE/TDI 
F 1867-48 


200 


55 


- 1.3% 


F 1469-17 


TDE/TDI 

F 1469-15 10 ° 


50 

_ 


- 4. 47% 




Abbreviations: See Table 1 






a) Untreated with CaCO^ prior to cure 






b) CaC0 3 treated 






F 1867-39, 49 and F 1467-17 CaC0 3 treated prior to cure. 




> 
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d, Hexamethvlene QUrcol Based Mer ca pto Terminated Polyformals 

Tnese materials were synthesized in a two step **^ m *™£** 
the initial capping of the polyformals with allyl groups Addition 
of excess aUyl alcohol during the reaction gave low molecular weigh 
I/V700) polyformals A^98% end capped with ^saturation. In several 
[Zes srill amounts of trimethylol propane (IMP) were also added 
in hopes of giving the polymer additional functionality. Ruction of 
the quantity of allyl alcohol added gave slightly higher molecular 
weights and less end capping. Table 5 summarizes these results. 

The allyl capped polyformals ^were £. ^ff^^J^^ 
^T^tt^i^^^'T^J^n^ for complete 
add-on Jo me double bond were 2-4 hrs. at 95-100°C under slxghtly 
alkaline conditions with 1-2* Vazo-64 initiator. A slightly alkaUne 
medium was necessary to prevent «^ fa f-^en interchange m fee 
polymer backbone. Potassium hydroxide /ethanol proved effective for 
EiJ^urpose. Table 6 summarizes the results obtained on synthesis 
of mercapto terminated polyformals. The chemical reactions mvolved 
are summarized in Equation #2. 

e) Curing of Mercapto Terminate d Hexamethvlene Glycol Polyformals 

The prepolymers obtained by addition of dimercapto diethyl ether to 
1,98% ally! end capped polyformals failed to cure with lead dioxide, 
probably due to residual hydroxyl terminals acting as chain stoppers. 
The low molecular weights of the prepolymers were also a V*<***f- 
Those prepolymers containing TMP also failed to cure, probably due 
to formation of "dead" cyclic acetal terminals. 
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Allyl C armed Polyformals 




J20-17 


Note Book . 




Mo" 

WMVV ' 


ies 
BD 


TMP 


Allyl 
Ale 


% 
OH 


Unsat. 
Equiv. 


Av. 

Mol. Wt. 


% 
End Capped 


Ref. 

F 1469-21 


F 
4.5 


2.4 


0.6 


— 


3.0 


0. 120 


0.33 


670 


98 


F 1469-26 


4.5 


2.22 


0.56 


0.15 


3.0 


0.184 


0.36 


560 


97 


F 1469-40 


4.5 


2.22 


0.56 


0.15 


3.0 


0.070 


0.32 


630 


99 


F 1469-41 


4.5 


2.22 


0.56 


0.15 


3.0 


0.035 


0.32 


670 


99 


F 1469-46 


1.88 


0.88 


— 


0.25 


1.25 


,Sj 


0.24 


820 


, 


F 1469-49 


3.5 


2.8 


0.7 


■4'M 


1.0 


0.836 


0.27 


740 


82 


F 1490-10 


3.5 


2.8 


0.7 


— 


0.5 


0.390 


0.13 


1500 


48 


F 1490-13 


3.5 


2.8 


0.7 




0.5 


0.480 


0. 13 


1500 


48 


Abb re via tic 


wis: F = Formaldehyde (Paraform) 
HMG=Hexamethylene Glycol 
BD = 1,4-Butanediol 
TMP = T rime thy lol propane 
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ir.ntTA.TlON #3 _ 

CH^o \ 
CH z OK O \ tH z Jupead" Terminal 

CH 3 -CH 2 i.CH 2 OH + H-C-H-^CH 3 -CH 2 -C Nc ^ J) 

CH 2 OH CH 2 t 0H 

possessed the ^ d «> rabl ^ t h er effective cros.linking agent was tnallyl 
Lstable ester linkage.. Another effect! ^ ?8% aJlyl a 

cyanurate (TAC). Addition of 15-20 wt ** auhiol to the double 

PoTyformal. followed by Vaso 64 ^« d ^ e 1 70 with lead dioxide, 
bond, gave pr.polymer. which «£»**££ ^ wer e extremely short. _ 

WMto rrSS^S^ -uZof attempted cJU of the.e prepolymer.. 
Table 6 summa rizes ""= jtcdv^ 

Another technique which P ro «^ C "xyfgroup^™tl tVtmchmm<Sc 
involved reaction of the residual hydroxylg^ £ ^ g h<jurs 

amount of TDI. i.e. 0. 5 «~L*^-^iS hydxo^l. The.e allyl capped 
at 100°C usually served *»«£?™ atopv £ S . were then reacted wrm 
materials, now devoid of hydroxyl c P^ ^ probabflity o£ 

dithiol by the standard technique J° her mo lecular weight 

oartially end capped polyformal. of sligbuy g lymers cured to 

£ 1469-49. F 1490-10. I3)«re_ «^^J^ setlut poor elasticity 
Uore A 35 with lead dioxide snft ^^^L addition of 5-20 wt. % TAG 
The rubbers could be hardened --—J^Srf— <**»* b V * U «*»*"• 
^e atrCSt SScEL. on Shore A dure. 
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1 See F U90-24 



3 polyfoxmal + TDX ♦ D*" 



b) Aiiyi c 



app ed H*— ♦ DiinerCaPt ° 



capto dtefeyi ether + 

diethyl ether + TAG 



TAC 
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DISCUSSION 

a) isocyanate Terminated Hexamethylene G lycol Polyformal Copolymers 

The urethane rubbers obtained by curing these prepolymers show acceptable 
properties, except for their three fold higher permeability to moisture 
man for polysulfide polymers and eight fold higher permeability than for 
the methyl mercaptan polybutadiene adduct polymers. These properties 
are consistent with the more polar polyformal backbone. This apparent 
drawback may be an advantage in the ambient moisture cure. These 
prepolymers cure in ^ 4 days with ambient moisture while NCO terminated 
polysulfides fail to completely cure even after two weeks or more,_ The 
good thermal stability with alkaline filler to weight loss and retention of 
properties is noteworthy. Under acidic conditions the rubbers degrade 
badly probably due to catalyzed dehydration and chain cleavage with 
moisture. Since most fillers are basic the instability of the formal 
link to hydrolysis under acid conditions should present no problems. 
Addition of small quantities of an antioxidant should further enhance 
thermal stability, 

b) Mercapto Terminated Hexamethylene G lycol Polyformal Copolymers 

While these materials can be induced, with some effort, to cure, the 
marginal properties of the rubbers so obtained make further develop- 
ment difficult to justify. Good hardness and compression set are 
offset by their consistent extreme shortness. The very low molecular 
weights of the allyl capped polyformals (compare Tables 1 and 5) may 
be in part responsible. Higher molecular weights could be obtained by 
further reduction in the molar ratio of allyl alcohol. However, the higher 
levels of hydroxyl would lead to unacceptable viscosities when reacted 
with TDI Heating of the polyformals to high temperature under vacuum 
to increase the molecular weight has been attempted. However, only a 
modest increase (Mol. Wt.«vl000) was observed (Ref. F 1469-44). 
Thus it appears that we have reached the limits of this approach. 

CONCLUSIONS AND RECOMMENDATIONS 

a) IS ocyanate terminated Hexamethylene G lycol Polyformal Copolymers 

These prepolymers cure to elastomers with excellent physical properties 
and thermal stability albeit with relatively poorer barriers to moisture 
than for the polysulfides. Despite the latter property the good cures and 
physical properties, coupled with cheap starting materials and ease of 
manufacture, lead us to recommend evaluation of these materials as 
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insulating glass sealants. Moisture vapor transmission is no longer 
regarded as the overriding property if not unreasonably high. Good 
adhesion to glass and metal, which is just as important, may well be 
present in these elastomers. 

b) Mercapto Terminated Hexamethylene Glycol Polyformal Copolymers 

These materials can be cured to rubbers with good hardness and 
compression set but very poor elasticity. Their marginal properties 
together with complexity and cost of manufacture make evaluation 
as insulating glass sealants unjustified. 
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